The study aimed to evaluate the clinical and imaging features of critically ill patients with interstitial lung disease (ILD) treated in respiratory intensive care unit (RICU) and assess the prognostic effects of these factors. A total of 160 severe ILD patients admitted to the RICU were finally enrolled in this study. The clinical, imaging and follow-up data of them were studied retrospectively. The in-hospital mortality and total mortality were 43.1% and 63.8% respectively. By multivariate cox regression analysis, shock (OR = 2.39, P = 0.004), pulmonary fibrosis on CT (OR = 2.85, P = 0.002) and non-invasive ventilation (OR = 1.86, P = 0.037) were harmful factors to survivals of critically ill patients with ILD. In contrast, oxygenation index (OR = 0.99, P = 0.028), conventional oxygen therapy (OR = 0.59, P = 0.048) and β-lactam antibiotics use (OR = 0.51, P = 0.004) were protective factors. There is significant difference of survivals between patients with and without fibrosing ILD on CT (Log-rank, p = 0.001). The prognosis of critically ill patients with ILD was poor. Shock, respiratory failure and fibrosing signs on chest CT affected the prognosis. Chest CT was considered as a valuable tool to indicate the prognosis.
Ethics approval. This study was consented by Ethics Committee of Nanjing Drum Tower Hospital. The Ethics Committee waived the need for informed consent as the study was retrospective and the data were analyzed anonymously.
Results

Prognostic effects of baseline clinical characteristics on critically ILD patients. In this study, 160
critically ill ILD patients were enrolled who had clinical and follow-up data. The mean length of their hospitalization in RICU was 12.3 days. The death rate in the RICU was 43.1%, and respectively the total death rate was 63.8% according to the final follow-up. The baseline clinical characteristics of 160 critically ill ILD patients which might be related with their prognosis were listed in Table 1 . We found that clubbed-finger, arthralgia, shock and proteinuria were associated with survival status. By multivariate Cox proportional regression analysis, shock (OR = 2.39, P = 0.004) was found be an independent prognostic factor in critically ill patients with ILD.
Prognostic effects of biochemical characteristics on critically ILD patients. Statistically significant
relationship between the survival status and biochemical results including white blood cell count, c-reactive protein, immunoglobulin M, aspartate aminotransferase, lactate dehydrogenase, blood lymphocytes count, CD4+ lymphocytes count, CD8+ lymphocytes count, cytokeratin 21-1, oxygenation index was analyzed.The detailed relationship between prognosis and serological variables was shown in www.nature.com/scientificreports www.nature.com/scientificreports/ analysis, oxygenation index (OR = 0.99, P = 0.028) was an independent and protective factor for prognosis of these 160 critically ill ILD patients. The detailed results of Cox regression analysis of the remaining indicators were shown in Table 3 .
Prognostic effects of treatment aspects on critically ILD patients. In this study, main treatments
included the following aspects: oxygen therapy (nasal catheter oxygen therapy, mask oxygen therapy, non-invasive ventilation, invasive ventilation), glucocorticoid, immunosuppressive agent, anti-infection (covering bacteria, viruses and fungi), sedative therapy. In 58 patients who survived during the follow-up, 55.2% of the patients accepted high doses of glucocorticoid (>1 mg/kg/d). In 102 patients with severe ILD who died during follow-up, 72.5% of the patients accepted high doses of glucocorticoid. The main antibiotics used during hospitalization include, β-lactams, carbapenems, sulfonamides, aminoglycosides, glycopeptide, and macrolides. The immunosuppressants used mainly include tacrolimus, tripterygium, hydroxychloroquine, cyclosporine, and cyclophosphamide. The relationship between treatments aspects and survival status in 160 critically ill ILD patients was shown in Table 4 . By multivariate Cox proportional regression analysis, non-invasive ventilation (OR = 1.86, P = 0.037) was harmful factor to survival of critically ill patients with ILD. Respectively, conventional oxygen therapy (OR = 0.59, P = 0.048) and β-lactam antibiotics use (OR = 0.51, P = 0.004) were protective factors. The results of multivariate Cox proportional regression analysis of other factors was shown in Table 5 .
Prognostic effects of CT imaging features on critically ILD patients. Among 160 patients with
severe ILD with clinical and follow-up data, 76 patients had radiographic data. Based on the range score of honeycomb, 76 patients with severe ILD were divided into fibrosing group (29 patients) and non-fibrosing group (47 patients). The survival curve of the two groups is shown in Fig. 1 . The difference of survival rate between the two groups was statistically significant after the Log-range (p = 0.001). By Cox proportional regression analysis, we found that pulmonary fibrosis on HRCT (OR = 2.85, p = 0.002) was an independent prognostic factor for patients with severe ILD.
Discussion
In this study, shock was identified to be an independent risk factor for the survival of patients with severe ILD.
In patients with severe ILD with shock, various cytokines were activated, especially tumor necrosis (TNF), lung tissue nuclear factor-κB (NF-kB). These cytokines are widely involved in the body's immune response, immune response gene transcription regulation, resulting in lung tissue damage 8 . Therefore, in the case of severe ILD patients with shock, anti-inflammatory treatment should be strengthened and intervention can be made against the cytokines mentioned above in order to reduce the acute damage caused by shock to lung tissue. This may improve the prognosis of patients with severe ILD. As at the Berlin conference on acute respiratory distress syndrome (ARDS), experts believed that ARDS was an acute inflammatory lung injury, resulting in increased pulmonary vascular permeability. ARDS was different in degree and mortality, mild, moderate and severe ARDS were associated with increased mortality 9 . This finding www.nature.com/scientificreports www.nature.com/scientificreports/ was consistent with the finding of our study. The higher the oxygenation index, the higher the survival rate of ILD patients. Oxygenation index in patients with severe ILD could be an independent index and helped to judge the prognosis of patients.
About the treatment aspects, the results showed that common oxygen inhalation (nasal catheter, mask) and non-invasive ventilation were independent factors affecting the survival of patients with severe ILD. Common oxygen therapy is an independent protective factor for their survival while noninvasive ventilation is a risk factor. Mechanical ventilation is often needed in patients with severe ILD in ICU to improve the symptoms of dyspnea, but the risk of secondary infection increases 10 . There is no uniform standard for the choice of noninvasive and invasive ventilation. Gungor et al. 11 through the analysis of 120 patients with ILD after admission to intensive care unit with invasive ventilation and non-invasive ventilation and mortality, finding an assessment of acute physiology and chronic health evaluation (APACHE II) score patients with severe illness rated <20, noninvasive ventilation is a better option. Invasive ventilation was not beneficial to the survival of patients with ILD with APACHE II score >20. According to Gaudry's research 12 , although patients with ILD were admitted to hospital for invasive ventilation, most of them would still die within six months. However, invasive ventilation is of long-term value in patients with severe ILD and earned time for lung transplantation. The results of Molica et al. 13 showed that mechanical ventilation had no significant improvement in the survival rate of patients with end-stage ILD. Therefore, the choice of mechanical ventilation in patients with severe ILD needs to consider a variety of comprehensive factors, including the wishes of patient and long-term expectation. In addition, the results of our study show that the use of β-lactams is an independent protective factor for the survival of patients with severe ILD patients, but there is no related report in the past. It has been suggested that antibiotics (in addition to sulfamethoxazole and macrolide drugs) may not contribute to the survival of patients with severe ILD 14 . Kawamura et al. 15 reported that azithromycin was associated with improved prognosis in patients with severe ILD, suggesting that a combination of macrolide antibiotics might increase survival. But it is worth noting that there was no significant difference between the two groups of patients in our study. The result may be related to the use of macrolide antibiotics in only 2 patients with severe ILD in our study. Therefore, the relationship between the use of antibiotics and the survival of patients with ILD needs further clinical study.
Chest HRCT plays an important role in the diagnosis and monitoring of ILD. It not only provides a clear and noninvasive diagnosis of typical pulmonary diseases, and also provides a more accurate diagnostic basis for ambiguous cases 16 . The most common manifestation of ILD by HRCT is the ground glass, reticular, honeycomb Table 5 . Cox proportional-hazards regression of treatment aspects of 160 critically ill ILD patients. www.nature.com/scientificreports www.nature.com/scientificreports/ and retraction bronchiectasis 17 . In this study, there is significant difference of survivals between patients with and without fibrosing ILD on CT. It is mentioned in the literature that chest CT pulmonary fibrosis is defined as a sign of retraction bronchiectasis and/or honeycomb changes on chest CT, which is usually a sign of severe end-stage ILD 18 . In the case of noninvasive ventilation, the pulmonary alveolar capillary gas exchange and lung compliance in these patients with ILD on chest CT showed fibrosis were worse than those on chest CT with non-fibrosis on chest CT 19 .
There are some limitations in this study. First of all, the study is a retrospective observation study in which the threshold of severe ILD admission to RICU is difficult to unify and treatment options are uneven. This study only describes the reality of ILD in RICU. Secondly, due to the lack of some clinical and pathological data, this study has not yet studied the patients with severe ILD by different subtype grouping. Finally, there is no standard quantitative tool to judge chest CT and the interpretation is subjective.
